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These filter devices are usually so constructed that the hollow-fibres are arranged as a 
loose bundle lying longitudinally within a tubular housing. The housing is provided at 
each end with an end-cap, and the hollow-fibre bundle is arranged between the ends of 
the housing so that the end-caps enclose the ends of the hollow-fibre bundle. The ends of 
5 the fibres are usually embedded within and secured by a potting compound made from a 
two-component polymer resin. Except as noted below, the potting compound completely 
surrounds the ends of the hollow fibres and is molded to the inside of the ends of the 
housing to create a seal between the header chamber and the inside of the tubular 
housing. 

10 

The extreme ends of the hollow fibres open out above the potting compound into a 
hollow space (hereafter: header-chamber) located in-between the end cap and the end of 
the hollow-fibre bundle. It is therefore possible, with the appropriate arrangement of 
inlets and outlets, to provide, in a manner known per se, various forms of filter such as 
15 the previously mentioned haemodialysis filters, haemofilters, haemodiafi Iters, ultrafilters 
etc. 

Examples of the previously mentioned filters are disclosed in EP-0 305 687, EP-0 355 
325 and EP-0 525 317. 

20 

The previously mentioned filters or dialysers have certain features in common, namely, 
that a first fluid may be directed into and through the inside of the semi-permeable hollow 
fibres. This first fluid may exit from the fibre column having had certain substances 
removed and possibly certain substances added. A second fluid may be present on the 

25 outside of the hollow fibres. This second fluid can either flow through the housing, past 
and around the hollow fibres, via appropriately located inlet and outlet means; or it can be 
removed from the first fluid and directed out of the housing via a suitable outlet, for 
example by means of a pressure differential across the hollow-fibre membrane. This 
second fluid may be a purified form of the first fluid, a dialysis fluid for the exchange of 

30 substances into and out of the first fluid across the hollow-fibre membranes, or a waste 
fluid removed from the first fluid, inter alia. 
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If one of the aforementioned filters is applied in the area of dialysis, for example in 
haemodialysis, various fluid lines (conduits) are connected to it. These fluid lines on the 
one hand lead blood from the patient to the blood side of the filter and then back to the 
patient. Additional fluid lines lead the dialysis fluid from a dialysis fluid supply, 
controlled by a dialysis machine also sometimes referred to as a dialysis monitoring 
device, to the dialysate side of the filter and after passage through the filter further to a 
drain. The blood side here refers to the area of the filter through which the blood of the 
patient is led, while the dialysate side refers to the area of the filter or the filter housing 
through which the dialysis fluid is lead. The blood side and the dialysate side are 
separated from each other in the filter housing by one or more semi-permeable 
membranes and these sides correspond respectively to the sides along which the 
previously mentioned first and second fluids pass. 

In order to improve the effectiveness of blood filtration treatments, it is known to use 
more than one filtration process or filter device connected in series. As an example, a 
haemofiltration process may be combined in series with a haemodialysis or 
haemodiafiltration process, thereby necessitating more than one filter device. 

20 It has further been proposed to combine more than one filtration device within a single 
housing. A filter cartridge comprising more than one filtration compartment is disclosed 
for example in WO 02/47785. According to the device disclosed in this document, two 
hollow-fibre bundles are arranged in adjacent compartments which are separated by a 
wall in which a communicating aperture is provided for the flow of filtrate or dialysate 

25 through both compartments. 

Additional considerations with regard to the use of such filtration devices are also 
relevant for their design. When setting up known filter devices prior to a filtration 
treatment, a number of set-up operations are required to be performed by trained 
30 personnel. In particular, extracorporeal blood tubes as well as any necessary dialysis 
fluid tubes must be connected to the appropriate fluid flow ports of the filter device. In 



4 



addition, a separate ultrafilter is often desired to be connected to an infusion fluid supply. 
This must be carried out with care, as the tubes must be connected correctly in order to 
avoid potential dangers arising from an incorrect set-up. The set-up stage can be time- 
consuming and therefore reduces the number of treatments which can be carried out using 
a particular monitoring device. In addition, the requirement to use a separate filter device 
for ultrafiltration, as well as possibly more than one filter device for filtering blood, 
increases the equipment costs for each treatment and also the number of connections 
required. 

A further dialyser device is known from DE-A-196 07 162, in which a filtration device 
for substitution fluid is disclosed along with a haemodiafiltration device integrated within 
a single housing. Filter membrane means in the form of hollow fibres are provided 
within both compartments. One end of the hollow fibres of the filter for a substitution 
fluid is sealed off by means of potting compound or by a cover. A problem encountered 
with this device is that it is difficult to completely expel all of the air contained within the 
compartment for the substitution fluid at the start of a filtration process, both the air 
around the outside of the hollow fibres and in the inside of the fibres. Air on the inside of 
the fibres is pushed by liquid passing across the membranes into a header chamber at 
either the blood entry or exit of the dialysis compartment thereby causing unnecessary 
contact between blood and air in the blood flow circuit. This may be avoided by passing 
substitution fluid through the filtration compartment prior to passing blood through the 
haemodiafiltration compartment although this involves additional work for an operator. 
In addition, air around the outside of the membranes is not completely expelled during 
the initiation phase of filtration and may be fed through into the blood during a treatment. 
This increases the thrombogeneicity of the blood filtration process. A further drawback 
of this disclosure exists in that filtration of the substitution fluid takes place from the 
outside through to the inside of the hollow-fibre membranes. This necessitates using a 
different kind of hollow-fibre than those used for the filtration of blood in the 
haemodiafiltration process in the neighbouring chamber, because the direction of the pore 
size gradient across the membrane thickness requires to be inversed. This requirement 
greatly complicates the manufacturing requirement of such a device. In addition, when 
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pressure through the inside surfaces of the fibre membranes. The fluid then passes 
through to the outside surface and is filtered in the process. Alternatively, fluid may also 
be passed from second, exterior surfaces through to the first, inside surfaces of hollow 
fibre type membranes. Filtration may be carried out from the outside surface to the inside 
surface using a conventional type of fibre or alternatively, using a special fibre, the walls 
of which are adapted for filtration in the said direction. Such fibres may be made from a 
more rigid material than conventional fibres. 

The filter membrane may be comprised of a bundle of hollow-fibres, preferably semi- 
permeable membrane fibres, in which case the first surface designates collectively the 
insides of the hollow fibres in the bundle and the second surface designates the outside 
surfaces of the hollow fibres. 

Where hollow-fibres are employed as filter membrane means, the outside surfaces of the 
hollow-fibres are in communication with the external fluid flow port in the above 
example. The aforementioned continuous internal wall (or walls) within the filter device 
of the invention divide the interior of the filter housing into separate filtration 
compartments, such that there is no fluid communication across the wall (or walls) 
between the respective filtration compartments. 

The filter device of the invention may be configured such that the respective first surface 
(or first surfaces) of the filter membrane means in one compartment are in fluid flow 
communication with the respective first surface (or first surfaces) of filter membrane 
means in at least one other compartment. This enables a fluid to be passed through more 
than one filtration process in series. Such a configuration enables, for example, different 
filtration conditions to exist in respective filtration compartments. Alternatively, or 
additionally, the second surface (or surfaces) of a filter membrane means in a filtration 
compartment may be in fluid flow communication with a first surface (or surfaces) of a 
filter membrane in another compartment. In this way, for example, the fluid having been 
purified by passing across the filter membrane of one compartment may be added to the 
fluid being or having been filtered in another compartment. This may be achieved, for 
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example by means of an external How port from one filtration compartment being 
connected for channelling fluid to an inlet or outlet for fluid entering or leaving a first 
surface of a filter membrane in another compartment. 

The housing means of the filter device of the invention may generally have elongate 
longitudinally extending walls which may be of any appropriate cross-section, e.g. 
tubular, circular, elliptical, rectangular, or any other suitable geometry. The longitudinal 
walls include at least one external wall continuous or discontinuous about the 
circumference, and one or more internal walls extending between opposite ends of the 
housing. The one or more internal walls divide the interior of the external housing into 
two or more internal compartments. 

The possibility of carrying out a blood filtration treatment at the same time as an 
ultrafiltration process is especially advantageous. According to a preferred feature of the 
invention, more than one blood filtration process may be carried out in addition to an 
ultrafiltration. For example, the outlet portion of the hollow-fibres in one filtration 
compartment may be in fluid communication with the inlet portion of a bundle of hollow 
fibres in another compartment of the filter device. A replacement infusion fluid 
ultrafiltered in one compartment of the filter device may then be added to the blood at 
any stage in the blood filtration process before, after or in one or more of the other 
compartments of the filter device; e.g. before passage of the blood through the 
membranes (pre-dilution), between successive treatments (mid-dilution) or after one or 
two (or more) treatments (post-dilution). 



25 According to preferred features of the invention, there may be provided two or three or 
more separate filtration compartments for carrying out simultaneous and/or successive 
filtration treatments. Where three or more compartments are provided, a first fluid such 
as an infusion fluid may be treated in a first compartment while a second fluid (usually 
blood; the first fluid being an infusion solution described above) may be subjected to 

30 more than one filtration process in series. For example, a haemoflltration treatment may 
be carried out in a second compartment, the fluid thereby removed from the second fluid 
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escaping from the filter through an external fluid flow port. The second fluid emerging at 
a fluid outlet of the membranes of the said second compartment may then be directed into 
the filtration membranes of a third filtration chamber. 

Where semi-permeable hollow fibres are used as a filter membrane means, these may be 
held in place at their ends by a so-called potting compound. The potting compound may 
consist of a hardened polymer resin, such as two-component polyurethane, molded to the 
internal walls of the tubular housing and serves as a barrier enclosing the second surface 
of the membranes within a compartment of the tubular housing. It also maintains the 
apertures of the hollow fibres such that the (internal) first surfaces of the fibres are open 
at an outlet or inlet end of the housing. The ends of the housing are advantageously 
enclosed by end-caps, thereby providing so-called header chambers. 

Each end-cap may be constructed so as to enclose more than one header chamber, with 
each header chamber being provided with at least one fluid inflow or outflow port, and 
possibly with one or more additional fluid flow ports, for example for supplying 
additives to the fluid within the header chamber. In particular, each end-cap may enclose 
each header chamber in correspondence with each of the filtration compartments internal 
of the overall filter housing. The header chambers of a single end-cap may be separated 
from one another by wall means and by a seal member placed between the header 
chamber wall and an internal wall and/or the surface of the potting compound in order to 
prevent migration of fluid from one header chamber to another. Alternatively, the hollow 
fibre bundle of more than one filtration compartment may open out into a single header 
chamber. This may be useful for a filter device intended for mid-or post-filtration 
dilution with a filtered infusion solution or to provide serial filtration of a fluid in more 
than one filtration compartment. Alternatively, separate header chambers may be 
connected for fluid flow by connecting together fluid flow ports of respective header 
chambers using molded or tubing line conduit means. 

The housing of the filter device may be provided, as already mentioned, with any 
appropriate cross-section. The housing comprises continuous internal walls which divide 



the filter into separate filtration compartments. No single compartment would thereby be 
delimited entirely by peripheral or external walls of the housing, each compartment being 
delimited at least partly by an internal wall. The housing may for example be tubular, 
and in one embodiment may be made up of two separate longitudinally extending 
sections of a housing wall. The respective portions of the housing may be joined together 
along seam-type joints by any suitable means such as by bonding or welding e.g. using 
ultrasound or laser welding. In the case of laser-welding techniques, the two sections of 
the filter housing would benefit from particular light reflective properties in order to 
ensure an adequate weld. For example, one of the housing sections may be made from 
substantially clear, uncoloured material, while the other may contain a light-reflective dye 
suitable for causing plastics material at the boundary of the two housing portions to melt 
sufficiently to form a bond. In a possible embodiment of a laser-welded housing, one 
housing portion may be made from polycarbonate while another section may be made 
from polypropylene. 



Assembly of the filter device may be achieved by combining the steps of filling the 
respective filtration compartments as initially defined by the separate sections with 
hollow-fibres and then assembling the housing. For example, hollow-fibres may be 
placed within the respective filtration compartments defined by each respective single 
section of the housing. The housing sections may then be brought together and fixed in 
position enclosing the respective fibre bundles in their compartments. The housing which 
is here, by way of example, shown tubular sections may thereby each include 
corresponding portions of internal walls, whereby the respective edges of the various 
corresponding wall portions would then desirably be bonded to one another as would the 
outer walls of the said sections. Bonding may be carried out by any suitable method such 
as by using adhesive means or by welding as described more fully herein. 

Alternatively, the internal wall may not be in portions but instead may be provided 
integral with a first one of the tubular housing sections, with the second section 
comprising only an outer wall portion of the housing joined on its internal face to the 
respective internal and outer wall portions of the aforementioned first section. In either 
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the previous or this latter case, the first section is likely to be somewhat larger than the 
second section. For example, the first section may make up more than half of the outer 
circumference or periphery of the resulting housing, while the second portion may make 
up less than one half of the outer periphery, perhaps as little as one third or one quarter. 
In the case of say a generally rectangular tubular housing of the filter device, one side of 
the cross-sectional rectangle may be comprised of the said second portion or cover 
portion, while the main first portion of the housing could comprise substantially three 
sides of the said cross-sectional rectangle. In this case, internal walls could 
advantageously be provided integral with the said first portion, or with both portions. 

* 

In order to improve in one embodiment the methodology for assembling a multi- 
compartment filtration device, at least one outer wall of a respective filtration 
compartment may be provided parallel to an internal wall of a same compartment. This 
feature may enable a more optimal filling of the fibre bundle within each compartment. 

An end of the housing portion may be provided with one or more apertures or recesses 
for engaging the potting compound which restrains the ends of the hollow fibre bundles. 
In addition, there may be one or more apertures provided adjacent the ends of the tubular 
housing which provide for inflow or outflow of liquid into or from an internal 
compartment of the housing around the second surfaces (the outside) of the hollow-fibres. 
Such an embodiment may be useful when the end-caps are provided with fluid flow ports 
for more than one fluid intended to be channelled towards different surfaces of the hollow 
fibres. In such a case, the fluid intended to flow around the outside of the hollow fibres 
may flow though a peripheral flow port of an end-cap and around a channel formed and 
bounded by a sill portion of the tubular housing and then through a filtration 
compartment of the tubular housing. 

The present invention also encompasses a method of making a filter housing of the 
invention in which the housing is made from two longitudinally extending portions which 
are bonded together along seam-type joins. A preferred method of bonding is by 
welding, in particular by laser or ultrasound welding. 
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The following drawings are included by way of example of some embodiments of the 
invention. 

5 Fig. 1 : An external isometric view of a filter device with two chambers; 
Fig. 2: A longitudinal section view of the device shown in Fig. 1; 

Fig. 2a: A longitudinal section view of an alternative construction of the filter device such 
as shown in Fig. 2. 

Fig. 3: A partial longitudinal section view showing detail of an end of a filter device 

10 shown in Figs 1 and 2; 

Fig. 4: A cross-section view of a middle portion of a filter device as shown in Figs 1-3; 
Fig. 5: A cross-section view of an end portion of a filter device as shown in Figs 1-3; 
Fig. 5a: A cross-section view of an end portion of an alternative construction of the filter 

device shown in Fig. 5. 

1 5 Fig. 6: A detailed view of one end of a housing with the header cap removed. 
Fig. 7: An isometric view of a filter device having three filtration compartments 
Fig. 8: An isometric partial view of an end of the housing of the filter device of Fig. 7 
Fig. 9 and 9a: A longitudinal section view of a three compartment filtration device 
Fig. 10: A cross-section of an end of the filtration device of Fig. 9. 

20 Fig. 1 land 1 la: End views of a dismantled and assembled shell portion of a housing 
Fig. 12: An isometric view of a disassembled housing 
Fig. 13 and 13a: End views of a further dismantled and assembled housing 

The filter device shown in Figures 1, 2 and 3 comprises a housing 1 and two end-caps 13 
25 and 14, one arranged at each end of the housing. The housing 1 is comprised of a 
longitudinally extending generally tubular wall having two opposed ends. Respective 
compartments 2 and 3 are separated by a continuous wall means 8. Filter membrane 
means (not shown) are arranged longitudinally within respective filtration compartments 
2 and 3 (Fig. 2 and 3). These usually each comprise a bundle of semi-permeable hollow 
30 fibres secured at their ends by a potting compound 12 (Fig. 3) which extends around an 
end portion of the wall of the housing 1. The open ends of the hollow fibres, embedded 



12 



in the potting compound 12 constitute inlet or outlet apertures 4a, 4b and 5a, 5b for fluid 
entering or leaving a filtration compartment along a first surface of the filter membrane 
means therein. In the case illustrated, the open apertures 4a, 4b and 5a, 5b of the ends of 
the hollow fibres open out into a respective header chamber 17, 18 arranged within the 
5 end caps 13, 14. 

Fluid inflow and outflow ports 6, 7, 15, 15a, 16 and 16a for respective first and second 
fluids are arranged on the end-cap 13 and 14. Ports 15 and 16 and 15a and 16a are in 
fluid flow communication with header chambers 17, 18 and 17a, 18a inside each end-cap 
13, 14 and with a first surface of the filter membranes of each filtration compartment 2, 3. 
External fluid flow ports 6, 7 and 1 1 are illustrated provided in fluid flow communication 
with a respective second side of the filter membranes of the respective filtration 
compartments 2, 3 arranged within the housing I. The fluid flow ports 6, 7, 11 could 
optionally be provided on portions of the wall of the housing 1 nearby but not necessarily 
integral with an end-cap as shown in Figs. 2 and 2a. 

A conduit means 19 may be provided for conducting a fluid emerging from the second 
surface of the filter membrane of a filtration compartment 3 via an external fluid flow 
port 7 and an optional additional fluid inflow port 22 (see Figs 1 and 3) into the header 
20 chamber 17 which is in fluid flow connection with another fluid passing along a first 
surface of filter membrane means of the separate filtration compartment 2. In this way, 
for example, the ultrafiltrate emerging from an ultrafilter arranged in filtration 
compartment 3 within the housing 1 may be used to dilute another fluid such as blood, 
being filtered, by haemofiltration or haemodialysis or haemodiafiltration in additional, 
25 discrete filtration compartment 2. Under normal circumstances, the infusion fluid is 
generated in a filtration compartment at a higher pressure than the pressure of the first 
fluid such as blood in the inflow or outflow area of the filtration compartment into which 
the infusion fluid is subsequently directed. As a precautionary measure, a check or non- 
return valve (not shown) may be present in the conduit means 19 in order to prevent 
30 accidental passage of blood from a blood filtration compartment into an ultrafiltration 
compartment. 
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As can be seen, the potting compound 12 can be anchored to the housing 1 at a peripheral 
reg,on and can enclose a lip or flange portion 23 formed at the end of the housing 1 The 
pottmg compound 12 may additionally be anchored to the housing at apertures 20 20a in 
the housing. The apertures 20, 20a are provided in two rows in the examp.e illustrated at ' 
Fig. 3, and serve to allow the flow of fluid between the enclosed peripheral channels 24 
24a and respective interna, fi.tration compartments 2 or 3 to the second surface (or the' 
exterior surface) of the hollow fibres. The apertures 20, 20a comprise two sets ofho.es 
communing with two separate channe.s 24, 24a (see Fig. 3). One set of ho.es 20 
communicates with chamber 2 while the other set 20a communicates with chamber 3 
These apertures 20, 20a may additionally serve as anchoring means for the potting 
compound 12 which may flow through some of the apertures while in a liquid phase prior 
to hardening. To this end, a sill or flange 27 may be provided integral with the housing 1 
such that when an end-cap 13, ,4 is disposed in p.ace upon the housing 1, the channe.s 
24, 24a are present in the space created by the header cap peripheral wall and the housing 
1. In.et ports 6 and 7 can therefore be provided in a latera. or periphera. portion of the 
end-cap 13 for inflow or outflow of fluids to or from the outside of the hollow fibres. 

In the device illustrated in Figure 2, infusion fluid to be purified may be fed into the 
filtrafon compartment 3 through inflow port 25. The fluid then passes into a lower 
header chamber 18a of the end-cap .4 which communicates with fi.tration compartment 
3, after which it passes along the inside surface (first surface) of the hollow fibre 
membranes of the fibre bundle inside the fi.tration compartment 3. In order for the fluid 
to penetrate inside the fibres during an initial priming stage, the outlet flow port 16 is he.d 
open for air to escape from the fi.tration compartment 3 before it becomes filled with 
mfuston fluid. The out.et port 16 may then be Cosed when infusion fluid has filled the 
filter membranes, after which the infusion fluid is forced by a pressure gradient across the 
membranes through to the second, exterior surface of the membranes, from where it 
leaves the fi.tration compartment 3 through externa, flow port 7. 
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The two header chambers 17, 18 are clearly visible in Fig. 3, separated from one another 
by wall portion 28 of the end-cap 13 and by an additional seal 21. A conduit 19 is partly 
shown, this being provided connected to flow port 22 and also to the outlet port 7 for the 
first fluid e.g. ultrafiltrate, emerging from the first filtration compartment 3. This 
5 corresponds to either a pre- or post-dilution set-up, in which infusion fluid entering the 
header chamber 17 via fluid flow port 22 is infused into a second fluid prior to or after 
passing through the hollow fibre bundle contained within the filtration compartment 2. 
The second fluid could be made to flow in either direction (up or down) in this example. 

10 A possible construction of the filter device, in particular, the housing of the filter device 
can be appreciated from Figures 4 and 5. Two sections 41 and 42 of the housing 1 are 
shown joined at seams 35 of peripheral wall portions 51, 50 as well as at internal wall 
portions 48, 49 which together make up continuous internal wall 8 and which furthermore 
define internal surfaces 52 and 53. As introduced above, end-cap 14 may comprise a 

15 fluid inflow port 11 which may be molded integrally therewith and which may allow 
fluid such as for example dialysis fluid to flow to or from the outside surface or surfaces 
of membrane means within compartment 2. During the fabrication of the device, fibre 
bundles may be laid within the compartments 2 and 3 prior to closing the compartments 
by joining section 42 to section 41. In order to increase the density of the fibres within 

20 the housing, the wall surfaces 50, 51, 52 and 53 are arranged to be substantially parallel. 
The internal wall portions 48, 49 may advantageously be provided hollow along one or 
more portions of their length, in order to reduce material usage and for uniformity of wall 
thicknesses throughout the housing portions. In Fig. 5, the enclosed channels 24, 24a are 
shown allowing fluid to flow to or from port 1 1 and into or out of a filtration chamber 2 

25 via apertures 20, 20a. Similar channels 24, 24a (not shown in Fig. 4 or 5) are provided in 
the upper end cap 13. The apertures 20 in filtration compartment 2 are kept separate from 
the channel 24a and apertures 20a of filtration compartment 3 by means of either a seal 
(not shown) or by additionally including barrier means (not shown) between the internal 
wall portions 48, 49 and the outer regions of the wall of end cap 14. 

30 



In Fig. 6, the end portion of a housing according to an embodiment of the invention is 
illustrated. As introduced in Figs 2 and 3 above, a sill 27 around an outside portion of the 
wall of the housing 1 is shown, around which an end cap may be sealingly fitted. An 
upper portion of the housing wall is provided with apertures 20 which serve two 
5 purposes. On the one hand, these apertures serve to provide an anchoring means for the 
potting compound 12 which secures the hollow fibres. In addition, some of the apertures 
serve as inlets into the filtration compartment on the outside surface of hollow fibres 
contained therein. The fluid may thereby be distributed into the compartment inflowing 
from the external port. Seal means 21 (as shown e.g. in Fig. 3) are shown in position 
10 corresponding to the positions of the respective housing outer walls and the inner walls 
separating the respective filtration compartments 2 and 3. 

In Figs 2a and 5a, there is shown a possible embodiment of the filter device in which only 
the filtration compartment 2 intended for dialysate fluid flow in a blood filtration process 

1 5 is provided with liquid distribution apertures 20 at the ends of the compartment. Dialysis 
liquid may thereby flow first through fluid flow port 6 and to the outside of the filter 
membranes inside filtration chamber 2 via the peripheral channel 24 and the distribution 
apertures 20. In this embodiment the ultrafiltration compartment 3 is provided with an 
external flow port 7a on the wall of the housing 1. The arrangement shown in Figs 2a 

20 and 5a avoids the potential need for an additional seal or wall component possibly 
requiring welding between the internal walls separating the respective chambers 17 and 
18 and the inside of the end-cap 13 of the previously described embodiment. 

In Figs. 7-10 with first reference to Figs. 7 and 8, a filter device having three internal 
25 filtration compartments within a unitary housing 101 is illustrated. In this case, a first 
filter e.g. an ultrafiltration filter is provided in a compartment 103 located adjacent and in 
between two outer dialysis-type filtration compartments 102, 104. Fluid flow ports 106 
and 107 allow fluid such as dialysis fluid to enter or leave filtration compartments 
communicating with a second surface of filter membranes provided therein. In the 
30 example shown, these are provided at a peripheral portion of an end-cap 113, although 
they could also be provided on the wall of the housing 101 (see the example of Figs. 2a 
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and 5a). Distribution apertures 120 may be used to ensure anchoring of the potting 
compound (not shown) and allow inflow and outflow of fluids via an enclosed channel 
124 as in the two-compartment model described previously. In the embodiment shown, 
fluid inflow and outflow means to the second surface of the filter membranes of the 
ultrafiltration compartment 103 may be provided molded integrally with the wall of the 
housing 101. A conduit 1 19 may provide for infusion fluid emerging from compartment 
103 via port 109 to flow into a header chamber within end-cap 113 via inlet port 122, 
where it is added to another fluid, e.g. blood filtered via the first surfaces of filtration 
membranes in either or both of compartments 102 and 104. 

In Figs 9, 9a and 10 a three compartment device is shown in respective longitudinal 
section and in cross section. The internal compartments of the device are defined by two 
wall portions 148 and 149 joined at seam portions 35. These define between them a 
central compartment 103, and two outer compartments 102 and 104. Some internal walls 
of the device are in parallel configuration in order to optimize the filling of the internal 
spaces with hollow fibre membranes. From Fig. 9, 9a it can be seen from arrow A that 
header chamber 117 within the upper end-cap 113 may v be configured such that the 
respective first surfaces of filter membrane means within compartments 102 and 104 can 
be disposed in fluid flow communication. This enables, for example two different blood 
filtration type processes to be carried out simultaneously and/or in series within a single 
filter device, in addition to an ultrafiltration step of e.g. an infusion fluid. The infusion 
fluid in the arrangement may be added to the blood via exit flow port 109 (Figs. 7 and 8), 
through conduit 119 (Figs. 7 and 8) and an additional inflow port 122 (Fig. 7) in the 
header chamber 1 17 in an arrangement corresponding to a mid-dilution step. Flow port 
1 15 is optional and may serve for fluid inflow or outflow or may serve to bleed air from 
the compartment 104 while it is being filled with e.g. blood or otherwise being primed, 
before being sealed again prior to the commencement of filtration. 

The wall members 130 and 131 (Fig. 10) may keep separate the dialysate flowing around 
channel 124 into or out of chambers 102 and 104. The wall means could be replaced by 
an equivalent seal means (not shown). 
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In use, an infusion fluid may be passed into the flow port 125 (Fig. 9) as indicated by 
arrow B. During initial filling of the compartment 103 (e.g. during priming), air may be 
let out through flow port 116. Once the compartment 103 is filled, the flow port 116 
5 may be sealed and purified infusion fluid (or other priming fluid which may be used) 
flows across the membrane means of the filtration compartment 103 emerging from a 
second surface of the membrane means through a fluid outlet 109 as shown in Fig. 7. 
The fluid may be channelled into the header chamber 117 via conduit 119 already 
described. A second fluid, usually blood, may be passed through the filter device in the 
10 direction of arrow C first through flow port 128 into filtration compartment 104 along a 
first surface of filter membrane means therein (not shown). Air may be bled from the 
chamber at port 1 15 (e.g. during priming or during use), before the blood flows across the 
header chamber 117 along the direction of arrow A and onto the first side of filter 
membrane means in compartment 102 before exiting along the direction of arrow D at 
15 flow port 126. As an alternative to providing a communicating header chamber between 
respective filtration compartments, a conduit could be connected to fluid flow ports of 
whichever header chambers it may be desired to connect. Dialysis fluid may be passed 
into the compartments 104 and 102 via flow ports 107 and 1 1 1 respectively and may exit 
the compartments through ports 106 and 110. Alternatively, as in haemofiltration, fluid 
20 may be removed without addition of dialysis fluid, in which case corresponding inflow 
ports may be kept sealed. As is obvious, the device shown in Fig. 9 may be operated in a 
number of combinations of filtration processes described previously in this specification. 

In Figs. 11, 1 la, 12, 13 and 13a, various possibilities are shown for connecting together 
25 shell portions 41, 42, 141, 142 of housing 1,101. Figs 1 1, 1 la and 12 show a possibility 
in which a two-compartment housing 1 is formed from hinged housing shell sections 41, 
42. Continuous wall means 8 consists of wall portions 48 and 49. As an alternative (not 
shown) the wall means 8 could be made from a single wall portion either integral with 
one shell portion 41 or 42 or it could be fixed to the shell portions 41, 42 using a bonding 
30 technique. Numeral 160 denotes fluid flow ports in general which may be inflow or 
outflow ports. In the Figures 1 1, 1 la, 12, 13 and 13a the flow ports 160 are shown 
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CLAIMS 

1. Filter device comprising a housing (1, 101), said housing (1, 101) enclosing at 
least two fluid filtration compartments (2, 3, 102, 103, 104), wherein each filtration 
5 compartment (2, 3, 102, 103, 104) comprises respective filter membrane means having a 
respective first and second surface, said first surface of each filter membrane means being 
in fluid communication with an inlet of each said filtration compartment (2, 3, 102, 103, 
104), said second surface being in fluid communication with at least one external fluid 
flow port (6, 7, 7a, 1 1, 106, 107, 109, 1 10, 1 1 1) of each said filtration compartment (2, 3, 
10 102, 103, 104), and wherein respective adjacent filtration compartments (2, 3, 102, 103,- 
104) are separated from each other by continuous internal wall means (8) such that more 
than one fluid may be filtered simultaneously by said filter device. 



2. Filter device according to claim 1, comprising two filtration compartments (2, 3) 
15 arranged within said housing (1) and wherein one of said filtration compartments (3) is 
suitable for carrying out ultrafiltration of a first fluid while the other compartment (2) is 
suitable for simultaneously carrying out either haemofiltration or haemodialysis or 
haemodiafiltration of a second fluid. 



20 3. Filter device according to claim 1, wherein said device comprises a housing (1, 
101) within which are arranged at least three filtration compartments (102, 103, 104) and 
wherein at least one of said filtration compartments (103) is suitable for carrying out 
ultrafiltration of a first fluid while each of the other compartments (102, 104) is suitable 
for simultaneously carrying out either haemofiltration or haemodialysis or 

25 haemodiafiltration of a second fluid. 



4. Filter device according to claim 3, wherein said first surfaces of at least two of 
said filter membrane means in separate filtration compartments (2, 102, 104) are in fluid 
flow communication. 

30 



21 



5. Filter device according to any preceding claim, wherein said second surfaces of 
said filter membrane means of one said filtration compartment (3, 103) are in fluid 
communication with said first surface of said filter membrane means in another of said 
filtration compartments (2, 102, 104). 

6. Filter device according to any preceding claim, wherein said first surface of said 
filter membrane means of one said filtration compartment (3, 103) is in fluid 
communication with said second surfaces of said filter membrane means in another of 
said filtration compartments (2, 102, 104) via said external fluid flow port (7, 7a, 109). 

7. Filter device according to any preceding claim, wherein said filter membrane 
means comprises a bundle of semi-permeable hollow-fibre membranes and wherein said 
first surface is comprised of the interior surfaces of said hollow-fibres in said bundle and 
wherein said second surface is comprised of the exterior surfaces of said hollow-fibres in 
said bundle. 



8. Filter device according to claim 7, wherein said housing (1) comprises two 
opposed ends and a tubular external wall therebetween, said hollow-fibre membranes 
being arranged within each of said filtration compartments (2, 3, 102, 103, 104) along the 
longitudinal direction of said tubular housing (1), wherein the ends of said hollow fibre 
membranes are secured by and embedded within a potting compound (12). 

9. Filter device according to claim 8, wherein an end-cap (13, 14, 13, 1 14) is fixed to 
each end of the tubular housing (1) and wherein a header chamber (17, 18, 117, 118) is 
provided between each said end-cap (13, 14, 13, 1 14) and the ends of said hollow fibres. 

10. Filter device according to claim 8 or 9, wherein said external wall of said tubular 
housing (1) is provided at its ends with engagement portions (20) for positively engaging 
said potting compound (12). 
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11. Filter device according to claim 10 wherein said engagement portions include one 
or more apertures (20) at each end of said external wall. 

12. Filter according to any of claims 9-11, wherein each said header chamber (17, 18, 
1 17, 1 18) is divided into separate chambers in respect of each filtration compartment (2, 
3, 102, 103, 104), each separate header-chamber (17, 18, 1 17, 118) being provided with a 
fluid flow port (15, 16,25,26, 115, 116, 125, 126, 128). 

13. Filter according to claim 12, wherein respective header chambers (17, 18, 117, 
118) within a single end-cap (13, 14, 1 13, 1 14) are separated from one another by means 
of a wall portion (28) and a sealing member (21). 

14. Filter device according to claim 12 or 13, wherein respective separate header 
chambers (17, 18, 117, 1 18) are in fluid flow connection, such that a first fluid emerging 
from a first filtration compartment (3, 103) may be directed from one header chamber to 
another header chamber from which the first fluid passes into filter membrane means of a 
second filtration compartment (2, 102, 104). 

15. Filter device according to any preceding claim, wherein conduit means (19, 119) 
are provided for channeling fluid emerging as a filtrate from said second surfaces of one 
of said filter membrane means in a first compartment (3, 103) through an external fluid 
flow port (7, 7a, 109), into a fluid flow port (22, 122) in fluid communication with 
another fluid passing across said second surfaces of filter membrane means in another 
one of said filtration compartments (2, 102, 104). 

16. Filter device according to any preceding claim, wherein said tubular housing (1) is 
comprised of two longitudinally extending shell portions (41, 42) joined together along 
one or more longitudinal seams (35). 

17. Filter device according to claim 16, wherein the two said longitudinally extending 
shell portions (41, 42) are welded together. 
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fluid, said filtration treatment selected from either haemofiltration, haemodiafiltration or 
haemodialysis. 

26. Use of a filter device according to claim 3 and any of claims 4-24, for 
5 simultaneously carrying out ultrafiltration of a blood infusion fluid and at least two 

filtration treatments of an additional fluid, said filtration treatments selected from either 
haemofiltration, haemodiafiltration or haemodialysis. 

27. Use of a filter device according to claim 25 or 26, wherein an infusion fluid 
10 emerging from said ultrafiltration is channeled into the said second fluid. 

28. Method of making a filter device according to any claim 1-24, wherein the 
housing (1) is comprised of two longitudinally extending shell portions (41, 141, 42, 142) 
which constitute external walls of the housing (1, 101) and internal walls (50, 51, 52, 53) 

15 separating respective filtration compartments (2, 3, 102, 103, 104) within the housing (1, 
101), the method comprising bonding together the said shell portions along internal and 
external seams (35, 135). 

29. Method according to claim 28 wherein the bonding of said shell portions (41, 42, 
20 141, 142) is carried out using laser welding or ultrasound welding. 
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Abstract 

A filter device having filter means, in particular hollow-fibre membranes, arranged in 
more than one filtration compartment within a filter housing. The filter device thereby 
allows more than one filtration process to be carried out serially and/or simultaneously 
within a single housing. For example a dialysis type filtration process such as 
haemofiltration or haemodiafiltration or haemodialysis may be carried out at the same 
time as an ultrafiltration process or as another haemofiltration, haemodiafiltration or 
haemodialysis process. The device may have a split shell construction bonded or welded 
together along longitudinal seams. Internal separating walls within the housing are 
formed integrally with the shell portions of the housing to form adjacent filtration 
compartments when the housing portions are joined together. 
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